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AIR-FUEL MODULE ADAPTED FOR AN
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 08/899,801, filed Jul. 24,1997, now U.S. Pat.
No. 5,960,753, which is a continuation of U.S. application
Ser. No. 08/807,668, filed Feb. 27, 1997, now U.S. Pat. No.
5,713,316 which is a continuation of U.S. application Ser.
No. 08/442,665, filed May 17, 1995, now U.S. Pat. No.
5,638,781 and is also a continuation-in-part of U.S. appli-
cation Ser. No. 08/838,093, filed Apr. 15, 1997, now U.S.
Pat. No. 6,012,644.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a camless valve module
adapted for an internal combustion engine.

2. Background Information

Compression ignition internal combustion engines con-
tain one or more reciprocating pistons located within respec-
tive combustion chambers of an engine block. Associated
with each piston is a fuel injector that sprays a highly
pressurized fuel into the combustion chamber. The fuel is
mixed with air that is introduced into the combustion
chamber through one or more intake valves. After
combustion, the exhaust gas flows out of the combustion
chamber through one or more exhaust valves. The injection
of fuel and movement of the intake and exhaust valves are
typically controlled by mechanical cams. Valve cams are
relatively inefficient and susceptible to wear. Additionally,
the cams do not allow the engine to vary the timing of fuel
injection, or the opening and closing of the intake/exhaust
valves independent of engine speed.

U.S. Pat. No. 5,255,641 issued to Schechter and assigned
to Ford Motor Co. and U.S. Pat. No. 5,339,777 issued to
Cannon and assigned to Caterpillar Inc. disclose hydrauli-
cally driven intake/exhaust valves that do not require cams
to open and close the valves. The movement of the intake/
exhaust valves are controlled by a solenoid actuated fluid
valve(s). When the fluid valve(s) is in one position, a
hydraulic fluid flows into an enclosed stem portion of the
intake/exhaust valve. The hydraulic fluid exerts a force on
the stem which opens the valve. When the fluid valve(s) is
switched to another position, the intake/exhaust valve moves
back to its original closed position. The fluid valve(s) is
switched by an electronic controller. The controller can vary
the timing of the intake/exhaust valves to optimize the
performance of the engine.

The solenoid actuated fluid valves are typically connected
to a single microprocessor which can vary the valve timing
in response to variations in a number of input parameters
such as fuel intake, hydraulic rail pressure, ambient
temperature, etc. The microprocessor can vary the start time
and the duration of the driving signal provided to the fluid
valves to obtain a desired result. Because of variations in
manufacturing tolerances, different valves may have differ-
ent responses to the same driving pulse. For example, given
the same driving pulse, one intake valve may open for a
shorter period of time than another intake valve in the same
engine.

The Schechter patent discusses a process wherein each
valve is calibrated to determine a correction value. The
correction value is stored within the electronics of the engine
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and used to either shorten or lengthen the driving pulse
provided to each valve so that each of the valves are open for
the same time duration. Although effective in compensating
for variations in manufacturing tolerances, the Schechter
technique does not compensate for variations that occur
during the life of the engine. For example, one of the valves
may begin to stick and require more energy to move into an
open position.

The camless intake valve(s) is typically actuated by a
dedicated control valve which can either open or close the
valve. The intake valve orifice area is the same each time the
intake valve(s) is open. Likewise, the exhaust valve(s) may
be controlled by a dedicated control valve such that the valve
orifice area is the same each time the valve(s) is open. It may
be desirable to vary the orifice area and the corresponding
flow of air and exhaust gases to and from the combustion
chamber. Such a configuration would provide another vari-
able that can be used by the microcontroller to optimize the
fuel consumption, power, emissions, etc. of the engine.

Some internal combustion engines contain a “turbo-
charger” which pushes air into the combustion chambers.
Turbochargers are typically driven by the flow of exhaust
gases from the combustion chamber. The pressures within a
combustion chamber are very high particularly at a piston
top dead center position. Opening the exhaust valves at such
high pressures typically requires a large amount of work.
Consequently, the exhaust valves are typically not opened
until the piston has moved toward a bottom dead center
position. At this position, the exhaust gas pressure is rela-
tively low. The low exhaust gas pressure may not be as
effective in driving the turbocharger as a higher exhaust gas
pressure. It would be desirable to provide a valve assembly
which would allow the exhaust valves to be opened at any
time during a cycle of an engine.

SUMMARY OF THE INVENTION

One embodiment of the present invention is a valve
assembly adapted for an internal combustion engine cham-
ber. The valve assembly may include a first control valve and
a second control valve that control a first exhaust valve and
a second exhaust valve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a valve module of the present
invention;

FIG. 2 is a partial side cross-sectional view showing
valves of the module within an internal combustion engine
chamber;

FIG. 3 is a top perspective view of the module;

FIG. 4 is a top perspective view showing a plurality of
hydraulically driven pins of the module;

FIG. 5 is an hydraulic schematic of the module;

FIG. 6 is a graph showing the location of the exhaust
valve opening on an exhaust gas pressure versus time curve.

DETAILED DESCRIPTION OF THE
INVENTION

One embodiment of the present invention may be a valve
module that can be assembled to an internal combustion
engine chamber. The valve module may have a first intake
valve, a second intake valve, a third intake valve, a first
exhaust valve and a second exhaust valve. The valves may
be driven to an open position by hydraulically driven first
pins. The exhaust valves may further have hydraulically
driven second pins. The additional pins may increase the
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hydraulic forces which allow the exhaust valves to be
opened even when there is a large pressure in the combus-
tion chamber. The first pins of the exhaust valves may be
controlled by a microprocessor controlled first control valve.
The second pins may be controlled by a microprocessor
controlled second control valve. The separate control valves
and additional hydraulic force of the second pins may allow
the microprocessor to open the exhaust valves at any point
during a cycle of a combustion engine.

The first and second intake valves may be controlled by
a microprocessor controlled first control valve. The third
intake valve may be controlled by a microprocessor con-
trolled second control valve. The control valves may be
actuated so that different combinations of intake valves are
opened to allow a microprocessor to vary the orifice opening
area of the intake valves and the flowrate of air into the
combustion chamber.

Referring to the drawings more particularly by reference
numbers, FIG. 1 shows an embodiment of a valve module 10
of the present invention. The module 10 may include a first
intake valve 12, a second intake valve 14 and a third intake
valve 16. The module 10 may also contain a first exhaust
valve 18 and a second exhaust valve 20. The valves 12, 14,
16, 18 and 20 may extend from a module housing 22 in an
arrangement which surrounds a fuel injector 24.

As shown in FIG. 2, the module 10 may be assembled to
a single internal combustion engine chamber 26 of an engine
cylinder head 28. It being understood that an engine typi-
cally contains one or more combustion chambers 26,
wherein there may be a module 10 associated with each
combustion chamber 26. Intake valve 12 is located within an
intake opening 30 of the cylinder head 28. Exhaust valve 20
is located within an exhaust opening 31. Although not
shown, valves 14, 16 and 18 may also be located within
corresponding openings (not shown) of the cylinder head 28.

The intake valves 12, 14, 16 may each move between an
open position and a closed position. Air may flow into the
combustion chamber 26 when one or more of the intake
valves 12, 14 and/or 16 are in their open positions. Likewise,
the exhaust valves 18 and 20 may each move between an
open position and a closed position. Exhaust gases may flow
out of the combustion chamber 26 when one or more of the
valves 18 and 20 are in their open positions.

FIGS. 3 and 4 show a plurality of hydraulically driven
first pins 32 that move the valves 12, 14, 16, 18 and 20 to
their open positions. The exhaust valves 18 and 20 may each
also have a pair of hydraulically driven second pins 34 that
assist in moving the valves 18 and 20 to their open position.
The second pins 34 provide additional hydraulic forces to
open the exhaust valves 18 and 20 even when there exists a
relatively high exhaust gas pressure within the combustion
chamber 26. By way of example, the first pins 32 may each
have a diameter of about 0.4 inch (mm), the second pins 34
may each have diameter of about 0.2 inch (mm).

The module 10 may contain a plurality of hydraulically
driven third pins 36 which move the valves 12, 14, 16, 18
and 20 to their closed positions. The valves 12, 14, 16, 18
and 20 may each have a head 37 coupled to the pins 32, 34
and 36.

Also shown is an intensifier 38 of the fuel injector 24. The
intensifier 38 may be hydraulically driven to eject fuel into
the combustion chamber 26. The pins 32, 34, 36 and
intensifier 38 may be arranged in fluid communication with
various fluid lines and fluid chambers (not shown) of the
module housing 22. A control fluid may flow within the lines
and chambers to exert hydraulic forces on the pins 32, 34, 36

10

15

20

25

30

35

40

45

50

55

60

65

4

and the intensifier 38. The control fluid may be the fuel of
the engine or a separate hydraulic fluid such as engine
lubrication oil.

FIG. § shows an hydraulic system which controls the flow
of control fluid which drives the pins 32, 34 and 36 to open
and close the valves 12, 14, 16, 18 and 20. The system may
include a first intake control valve 40 which is hydraulically
coupled to the first pins 32 to control the opening of the first
12 and second 14 intake valves 12, 14. The third intake valve
16 may be controlled by a second intake control valve 42.
The first 40 and second 42 control valves may be two-way
valves. The first 40 and second 42 control valves may be
connected to a third intake control valve 44.

The third control valve 44 may be a three-way normally-
open valve that is connected to a high pressure rail line 46
and a low pressure drain line 48. The rail line 46 is typically
connected to the output of a pump (not shown). The drain
line 48 may be connected to a low pressure reservoir of
control fluid. The control valves 40, 42 and 44 may be
selectively actuated into one of two positions. In one
position, the third control valve 44 connects the control
valves 40 and 42 to the rail line 46 and isolates the control
valves 40, 42 from the drain line 48. In the other position,
the third control valve 44 connects the control valves 40 and
42 to the drain line 48 and isolates the control valves 40, 42
from the rail line 46.

In one position, the first 40 and second 42 control valves
are arranged in fluid communication with the first pins 32 of
the intake valves 12, 14 and 16 to the output of the third
control valve 44 to allow fluid to flow from the rail line 46,
or to the drain line 48 depending upon the selected state of
the third valve 44. In the other valve position, the control
valves 40 and 42 prevent fluid flow to or from the first pins
32.

The third pins 36 may be connected directly to the rail line
46. The effective area of the third pins 36 may be smaller
than the effective area of the first pins 32 so that valves 12,
14 and 16 are moved into the open positions when the pins
32 are hydraulically coupled to the rail line 46. The fluid
pressure within the rail line 46 exerts hydraulic forces on the
third pins 36 to move the valves 12, 14 and 16 to their closed
position when the first pins 32 are hydraulically coupled to
the drain line 48.

The control valves 40, 42 and 44 may be electrically
connected to an electronic controller 50. The controller 50
may provide electrical signals which selectively switch the
position of the valves 40, 42 and 44. Although not shown,
the valves 40, 42 and 44 may each contain a spool that is
located between a pair of electrical coils. Providing electri-
cal current to one of the coils will move the spool to one
position. Providing electrical current to the other coil will
move the spool to its other position. The spool and valve
housing 22 may be constructed from a material which has
enough residual magnetism to maintain the position of the
spool even when electrical current is not being provided to
at least one of the coils. By way of example, the material
may be 4140 steel. The control valves 40, 42 and 44 may be
similar to the valves disclosed in U.S. Pat. No. 5,640,987
issued to Sturman, which is hereby incorporated by refer-
ence.

In operation, the third control valve 44 may be switched
to a state to couple the control valves 40 and 42 to the rail
line 46. Both control valves 40 and 42 may be switched to
a state which allows control fluid to flow to the first pins 32
and open the first 12, second 14 and third 16 intake valves.
Alternatively, the control valves 40 and 42 may be switched
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so that only the first 12 and second 14 exhaust valves are
opened. As another alternate mode the control valves 40 and
42 may be switched so that only the third intake valve 16 is
opened.

The system thus provides different combinations of air
intake valves which can be opened, to vary the orifice area
and the flowrate of air into the combustion chamber 26. The
flowrate of air can be varied by the controller 50 to optimize
the operation of the engine in accordance with an algorithm
which also utilizes different input values such as engine
speed, temperature, ambient pressure, etc. The valves 12, 14
and 16 may have the same or different seat diameters to
further vary the effective orifice area lending into the com-
bustion chamber 26.

The control valves 40 and 42 may also be actuated to lock
the position of the intake valves 12, 14 and 16 by being
switched into a position which prevents fluid flow from or to
the first pins 32. This allows the valves 12, 14 and 16 to be
locked into an intermediate open position between a fully
open position and a fully closed position. The valves 12, 14
and 16 can be moved back to their closed positions by
switching the control valves 40, 42 and 44 so that the first
pins 32 are hydraulically coupled to the drain line 48. The
control valves 40, 42 and 44 can also allow the processor 50
to modulate the position of the valves 12, 14 and 16 relative
to the intake openings to further modify or modulate the air
flowrate into the combustion chamber 26.

The module 10 may include an injector control valve 52
that is connected to the rail line 46, the drain line 48 and the
fuel injector 24. In one position, the control valve 52
hydraulically couples the fuel injector 24 to the rail line 46
so that fuel is ejected into the combustion chamber 26. The
control valve 52 can then be switched to hydraulically
couple the fuel injector 24 to the drain line 48 which causes
fuel to be drawn into the injector 24.

The system may include a first exhaust control valve 54
which controls the actuation of the first pins 32 of the
exhaust valves 18 and 20, and a second exhaust control
valve 56 which controls the actuation of the second pins 34.
The first 54 and second 56 control valves may be connected
to a third exhaust control valve 58. The third control valve
58 may be selectively connected to either the rail line 46 or
the drain lines 48. The first 54 and second 56 control valves
may each be two-way valves. The third control valve 58 may
be a three-way valve. The control valves 54, 56 and 58 may
be similar to the valves disclosed in the above *987 patent.

The third pins 36 of the exhaust valves 18 and 20 may be
connected directly to the rail line 46 and have an effective
area smaller than the effective area of the first pins 32 so that
the exhaust valves 18 and 20 are moved to their open
position when the pins 32 are hydraulically coupled to the
rail line 46. The control valves 54, 56 and 58 may operate
the opening and closing of the exhaust valves 18 and 20 in
a manner similar to the operation of the intake valves 12, 14
and 16.

The control valves 54, 56 and 58 may be electrically
connected to the controller 50. The controller 50 may actuate
the control valves 54 and 58 so that the first pins 32 are
hydraulically coupled to the rail line 46 and isolated from the
drain line 48. Consequently, the exhaust valves 18 and 20 are
moved by the first pins 32 to an open position. The control
valve 54 may be switched to lock the positions of the valves
18 and 20. The exhaust valves 18 and 20 may be moved to
their closed positions by switching the control valves 54 and
58 so that the first pins 32 are hydraulically coupled to the
drain line 48 and isolated from the rail line 46.
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The control valves 54, 56 and 58 may be actuated so that
the first 32 and second 34 pins are both hydraulically
coupled to the rail line 46 to push open the exhaust valves
18 and 20. The controller 50 can thus actuate the control
valves 54 and 56 to provide an additional hydraulic force
through pins 34 to open the exhaust valves 18 and 20. This
allows the controller 50 to open the exhaust valves 18 and
20 even when there is a relatively high exhaust gas pressure
in the combustion chamber 26. The high exhaust gas pres-
sure can be provided to a turbocharger downstream from the
exhaust opening 31 of the combustion chamber 26.

FIG. 6 shows a typical pressure versus time curve for the
internal combustion engine 26. In prior art systems, the
exhaust valves are typically opened at a relatively low
exhaust pressure. With the system of the present invention,
the exhaust valves may be opened at anytime during the
engine cycle, including a time when the combustion cham-
ber 26 has maximum exhaust gas pressure. The available
high exhaust gas pressure communicated from the combus-
tion chamber 26 through the opened exhaust valve(s) may
more effectively drive a turbocharger of the engine.

While certain exemplary embodiments have been
described and shown in the accompanying drawings, it is to
be understood that such embodiments are merely illustrative
of and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and
arrangements shown and described, since various other
modifications may occur to those ordinarily skilled in the art.

What is claimed is:

1. A valve assembly adapted for a single internal com-
bustion engine chamber that has a rail line and a drain line,
comprising:

a first exhaust valve adapted to be coupled to the internal

combustion engine chamber;

a second exhaust valve adapted to be coupled to the
internal combustion engine chamber;

a first control valve operable to control and couple said
first and second exhaust valves with the rail line or the
drain line; and,

a second control valve operable to control said first and
second exhaust valves.

2. The valve assembly of claim 1, wherein said first and
second exhaust valves are each hydraulically driven by a
first pin and a second pin, respectively.

3. The valve assembly of claim 2, wherein said first and
second exhaust valves are each drivable by a respective third
pin.

4. The valve assembly of claim 1, further comprising a
third control valve connected to said first and second control
valves.

5. The valve assembly of claim 4, wherein said first and
second control valves are two-way valves and said third
control valve is a three-way valve.

6. The valve assembly of claim 5, further comprising an
electronic controller operable to control said first, second
and third control valves.

7. A valve module adapted for a single internal combus-
tion engine chamber, comprising:

a first intake valve adapted to be coupled to the internal

combustion engine chamber;

a second intake valve adapted to be coupled to the internal
combustion engine chamber;

a first intake control valve operable to control said first
and second intake valves;

a third intake valve adapted to be coupled to the internal
combustion engine chamber;
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a second intake control valve operable to control said
third intake valve;

a first exhaust valve adapted to be coupled to the internal
combustion engine chamber;

a second exhaust valve adapted to be coupled to the
internal combustion engine chamber;

a first exhaust control valve operable to control said first
and second exhaust valves; and,

a second exhaust control valve operable to control said

first and second exhaust valves.

8. The valve module of claim 7, wherein said first and
second exhaust valves are each hydraulically drivable by a
first pin and a second pin, respectively.

9. The valve module of claim 8, wherein said first and
second exhaust valves are each drivable by a respective third
pin.

10. The valve module of claim 9, further comprising a
third intake control valve that is connected to said first and
second intake control valves, and a third exhaust control
valve that is connected to said first and second exhaust
control valves.

11. A valve assembly adapted for a single internal com-
bustion engine chamber that has a rail line and a drain line,
the valve assembly comprising:

a first intake valve adapted to be coupled to the internal
combustion engine chamber;

a first control valve operable to control and couple said
first intake valve with the rail line or the drain line;
asecond intake valve adapted to be coupled to the internal

combustion engine chamber;
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a second control valve operable to control said second
intake valve; and,

a third control valve that is connected to said first and
second control valves.

12. The valve assembly of claim 11, wherein said first and
second control valves are two-way valves and said third
control valve is a three-way valve.

13. The valve assembly of claim 11, further comprising an
electronic controller operable to control said first, second
and third control valves.

14. A valve assembly adapted for a single internal com-
bustion engine chamber that has a rail line and a drain line,
the valve assembly comprising:

a first intake valve adapted to be coupled to the internal

combustion engine chamber;

a first control valve operable to control and couple said
first intake valve with the rail line or the drain line;

a second intake valve adapted to be coupled to the internal
combustion engine chamber;

a second control valve operable to control said second
intake valve;

a third intake valve that is adapted to be coupled to the
internal combustion chamber and is controllable by
said first control valve; and,

said first and second intake valves each drivable by a
respective third pin.
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